The novel delay-dependent asymptotic stability of a differential and Riemann-Liouville fractional differential neutral system with constant delays and nonlinear perturbation is studied. We describe the new asymptotic stability criterion in the form of linear matrix inequalities (LMIs), using the application of zero equations, model transformation and other inequalities. Then we show the new delay-dependent asymptotic stability criterion of a differential and Riemann-Liouville fractional differential neutral system with constant delays. Furthermore, we not only present the improved delay-dependent asymptotic stability criterion of a differential and Riemann-Liouville fractional differential neutral system with single constant delay but also the new delay-dependent asymptotic stability criterion of a differential and Riemann-Liouville fractional differential neutral equation with constant delays. Numerical examples are exploited to represent the improvement and capability of results over another research as compared with the least upper bounds of delay and nonlinear perturbation. Keywords: asymptotic stability; differential and riemann-liouville fractional differential neutral systems; linear matrix inequality
Lemma 2. [17] For a vector of differentiable function x(t) ∈ R n , positive semi-definite matrix K ∈ R n×n and 0 < q < 1, then
for all t ≥ t 0 .
Main Results
Consider the asymptotic stability for system (1) with constant delays and nonlinear perturbation. We define a new variable
Rewrite the Equation (1) in the following equation
Theorem 1. Let δ and η be positive scalars, if there are any appropriate dimensions matrices Q j (j = 1, 2, 3) and symmetric positive definite matrices K i (i = 1, 2, 3, 4, 5) such that satisfy
where Ω (1, 2) 
Then the system (1) is asymptotically stable.
Proof of Theorem 1. For symmetric positive definite matrices K i (i = 1, 2, 3, 4, 5) and any appropriate dimensions matrices Q j (j = 1, 2, 3). Consider the Lyapunov-Krasovskii functional
for
Computing the differential of V(t) on the solution of system (1)
The differential of V 1 (t) is computed by Lemma 2
Taking the differential of V 2 (t), we obtaiṅ
Next, from (3), we obtain
According to (13) , (14) and (15) , we can conclude thaṫ
where
Since linear matrix inequality (10) holds, then the system (1) is asymptotic stability.
Next, we consider system
for 0 < q ≤ 1, the state vector x(t) ∈ R n , A, B, C are symmetric positive definite matrices with C < 1, τ, σ are positive real constants and ∈ C([−κ, 0]; R n ) with κ = max{τ, σ}.
Corollary 1.
If there are any appropriate dimensions matrices Q j (j = 1, 2, 3) and symmetric positive definite matrices K i (i = 1, 2, 3, 4) such that satisfy
Then the system (17) is asymptotically stable.
Proof of Corollary 1. For symmetric positive definite matrices K i (i = 1, 2, 3, 4) and any appropriate dimensions matrices Q j (j = 1, 2, 3). Consider the Lyapunov-Krasovskii functional
According to Theorem 1, we present the asymptotic stability criterion (18) of system (17) .
Next, we consider system (1) 
Corollary 2. If there are any appropriate dimensions matrices Q j (j = 1, 2, 3) and symmetric positive definite
Then the Equation (20) is asymptotically stable.
Proof of Corollary 2. For symmetric positive definite matrices K i (i = 1, 2, 3) and any appropriate dimensions matrices Q j (j = 1, 2, 3). Consider the Lyapunov-Krasovskii functional
According to Theorem 1, we present the asymptotic stability criterion (21) of system (20) .
Application
for 0 < q ≤ 1, the state vector x(t) ∈ R, a, b, p are real constants with |p| < 1, τ, σ are positive real constants ∈ C([−κ, 0]; R) with κ = max{τ, σ}.
Corollary 3. If there are positive real constants k i (i = 1, 2, 3, 4, 5) and real constants q j (j = 1, 2, 3) such that satisfy
Then the Equation (24) is asymptotically stable.
Proof of Corollary 3. For positive real constants k i (i = 1, 2, 3, 4, 5) and real constants q j (j = 1, 2, 3). Consider the Lyapunov-Krasovskii functional
According to Theorem 1, we present the asymptotic stability criterion (25) of system (3).
Numerical Examples
Example 1. The fractional neutral system :
Solving the LMI ( 
Moreover, the least upper bound of the parameter τ that ensures the asymptotic stability of system (28) is 3.7 × 10 22 . Example 3. The fractional neutral system :
Solving the LMI (21) when A = 3 −1 0 1 , B = 0.2 0.1 0 0.1 , C = 0.1 0 0 0.2 , we obtain the least upper bound of the parameter τ that ensures the asymptotic stability is 2.86 × 10 24 . By the criterion in [35] , the least upper bound of the parameter τ is 2.99 × 10 21 . This example represents our result is less conservative than these in [35] .
Example 4. The differential equation, which is considered in [25, 27, [30] [31] [32] :
By using linear matrix inequality (25) , the comparison for the least upper bound b that ensures asymptotic stability of Equation (30) are represented in Table 2 . [25] 0.889 Nam and Phat (2009) [27] 1.405 Chen and Meng (2011) [31] 1.346 Chen (2012) [30] 1.405 Keadnarmol and Rojsiraphisal (2014) [32] 1.405 Corollary 3 1.4051 Example 5. The differential equation in [27, 30, 31, 38] :
By using linear matrix inequality (25) , the comparison for the least upper bound delay σ that ensures asymptotic stability of Equation (31) are represented in Table 3 . Table 3 . The least upper bound of σ for Example 5.
Nam and Phat (2009) [27] 2.32 Rojsiraphisal and Niamsup (2010) [38] 2.32 Chen and Meng (2011) [31] 10 21 Chen (2012) [30] 1.34 × 10 21 Corollary 3 6.21 × 10 8 Example 6. The fractional neutral equation :
Solving the LMI (25), we have a set of parameters that ensures asymptotic stability of Equation (32) which a = 0.75, b = 0.3 and p = 0.4 as follows: k 1 = 3.1544, k 2 = 1.0324, k 3 = 1.0749, k 4 = 0.7170, k 5 = 0.7385, q 1 = 0.7587, q 2 = −1.9721, q 3 = 0.4433.
Furthermore, the least upper bound of b that ensures the asymptotic stability of Equation (32) is 0.6873 with a = 0.75, p = 0.4. Table 4 represents the least upper bound b of this example for various values of a, p. 
Conclusions
The aim of this paper is a novel asymptotic stability analysis of differential and Riemann-Liouville fractional differential neutral systems with constant delays and nonlinear perturbation by applying zero equations, model transformation and other inequalities. The new asymptotic stability condition is given in the form of LMIs. Then we show the new delay-dependent asymptotic stability criterion of a differential and Riemann-Liouville fractional differential neutral system with constant delays. Furthermore, we propose the improved delay-dependent asymptotic stability criterion of differential and Riemann-Liouville fractional differential neutral systems with single constant delay and the new delay-dependent asymptotic stability criterion of differential and Riemann-Liouville fractional differential neutral equations with constant delays. Numerical examples illustrate the advantages and applicability of our results.
